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Abstract: One of the current trends in homicide research includes developing works based on scientific
study and empirical evidence, which offer conclusions that can be used in an operational manner
during police investigations. The objective of this study was to identify homicide characteristics
from behaviors carried out on the crime scene and victim characteristics associated with those of the
perpetrators of these crimes in Spain. The sample consisted of 448 homicide cases from the database
of the Homicide Revision Project led by the Office of Coordination and Studies of the Secretary of
State and Security. After creating six classification tree models, it was found that the modus operandi
of the aggressor and the victim characteristics may permit hypothesizing about the demographic
characteristics of the perpetrator (gender, age, and country of origin), his/her criminal record, and the
type of relationship with the victim. Furthermore, the importance of the study of victimology during
a criminal investigation is highlighted, as it may indirectly offer information about the potential
perpetrator. The findings of this study suggest that criminal profiling contributes notably to the
decision-making process to establish more rigorous suspect prioritization, improve the management
of human resources and materials, and increase the efficiency of criminal investigations.
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1. Introduction
Homicide investigation has gained considerable academic and professional interest, not only
because homicide is the most violent of the criminal behaviors but also because it impacts on the
psychosocial, political, and socio-economic aspects of a country [1]. In fact, the United Nations Office
on Drugs and Crime (UNODC) has declared that homicide is a powerful indicator for determining a
country’s level of violence and safety [2].
Currently, there is a widespread interest in the study of homicide, not only by international
organizations, such as the UNODC and the World Health Organization [2–5], but also by the
academic world, where numerous studies have been conducted in an attempt to extend the
knowledge of this criminal phenomenon from diverse perspectives (socio-cultural development
factors, psychopathological, neuropsychological) [6–9].
Over recent decades, investigative trends have evolved significantly, especially with regards to
the study focus, ways to perceive homicides, and methodology and statistical procedures used. In this
sense, homicide is considered to be an extremely complex phenomenon, since it is a criminal category
that includes distinct variants with dynamic characteristics and specific psychological processes, as well
as distinct characteristics related to the criminal act and its participants [10–13]. Therefore, it has been
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suggested that each form of homicide be explored independently, examining specific aspects instead of
seeking out generalized associations [14].
On the other hand, although traditional statistical methods focusing on mere descriptions of the
phenomena continue to be used in investigations, the use of more sophisticated statistical analysis
methods such as multivariate techniques has become more popular. One of the advantages of these
statistical procedures is that they consider the combined relationships between all elements that are
linked to homicides, thereby ensuring a better understanding of the phenomena and permitting useful
conclusions to be reached [6,15–17]. In this way, studies focusing on prediction stand out, specifically
those focusing on the applied nature of criminal profiling during police investigations, which has been
conceived as a supplementary technique to help in the identification and arrest of criminals [18–20].
In this context, the “Behavioral Investigative Adviser” has promoted the professionalization
of the profiler in police investigations and has prompted the development of empirical works
which, from a scientific approach and on the basis of empirical evidence, offer information that
can be used operationally [21]. However, this information is not binding, as it is presented in
probabilistic terms [22–24].
This approach does not focus on the traditional view of the profiler as one who predicts the
unknown criminal’s personality or psychological traits. Rather, it is based on elements of the crime
that allow for the hypothesizing of potential characteristics that help make decisions to establish more
rigorous suspect prioritization and, therefore, will increase the efficiency of the police investigation.
For example, some of the perpetrator’s characteristics that are of greatest interest are related to
socio-demographic variables (gender, age, country of origin), criminal record history, and the type of
relationship existing with the victim [24–26].
Some authors have focused on analyzing the differences in modus operandi according to the
perpetrator’s gender. For example, Sea, Youngs, and Tkazky [27] found that men are more likely to
kill women and people that they know, whereas women are more likely to kill individuals from the
family environment. Similarly, Häkkänen-Nyholm et al. [28] revealed the trend to use firearms by
men, unlike women who tend to use suffocation methods on their victims, who are from the family
environment and usually minors. Similar results were found by Fujita et al. [29], suggesting that there
is a greater probability of men being the perpetrators when firearms are used. In this way, Chan,
Heide, and Beauregard [30] found different trends in the murder weapons used by male and female
sexual homicide offenders. Specifically, Chan and Frei [31] demonstrated that the choice of the murder
weapons was determined by the victim age and gender.
Similarly, it has been found that, as the aggressor’s age increases, there is a greater tendency to
use bladed weapons and blunt objects [32]. Likewise, Khoshnood and Väfors Fritz [33] revealed that
perpetrators between the ages of 37 and 59 are associated with non-premeditated-approach methods,
thus these homicides tend to be triggered by arguments. Also, Fujita et al. [29] demonstrated that there
is a greater probability that the perpetrator will be over the age of 55 when the victim is female and
older than 65.
Few studies have examined whether or not differences exist in how the homicides are carried
out based on the perpetrator’s country of origin. Soria-Verde, Pufulete, and Álvarez-Llaberia [34]
revealed that no significant differences exist between Spanish and immigrant homicides, with regards
to the modus operandi or the victim characteristics, only finding that prior arguments were more
predominant in the homicides committed by immigrants.
Similarly, perpetrators with a criminal record tend to use more precautionary methods to avoid
being identified, such as moving and hiding the cadaver, physically distancing themselves from the
crime scene, or setting the crime scene on fire to eliminate physical evidence [35–38]. Also, they are
more frequently associated with robberies and sexual aggressions that occur during the course of the
homicide [29,35]. Likewise, perpetrators with a violent criminal record tend to commit homicides in
outdoor locations and tend to have male victims as well as victims aged between 19 and 35 and over
the age of 56 [39,40].
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Finally, it has been shown that in the case of perpetrators who previously knew their victims,
there tends to be a greater number and seriousness of injuries [41], with the homicides tending to
take place indoors and most often using bladed weapons or blunt objects [32,42]. In addition, they
tend to be triggered by an argument [33,43]; similarly, the victims are usually male and between the
ages of 15 and 24 [44]. Also, homicides committed in the family setting are associated with victims
who are usually minors and elderly individuals, and suffocation and poisoning predominate as the
homicide methods used [37,39,40,44]. In homicides taking place between couples, the victims tend
to be females, aged between 19 and 50, means are commonly used to control the victim, and bladed
weapons and blunt objects are most often used [39,44]. Finally, homicides in which the victims are
unknown individuals tend to take place during the course of other criminal activities (e.g., robberies,
sexual aggressions) and in outdoor locations. In these cases, there tends to be a greater forensic
awareness by the perpetrator [32,43–45].
In the reviewed literature, the usefulness of inferring the perpetrator’s characteristics on the
basis of an analysis of the homicide elements has been shown [46]. Specifically, the investigation has
indicated that the type of weapon used and/or the method used to commit the homicide, the location
where the homicide takes place, and the method of approach used, among others, are aspects that
offer information on the socio-demographic characteristics of the aggressor, the criminal record history,
and the victim–perpetrator relationship [27,29]. Likewise, the study of the victim characteristics is
a key element of analysis that may provide relevant information so as to determine the potential
characteristics of the aggressor [36,47]. Therefore, the objective of this work was to determine which
characteristics of the homicide, of the behaviors carried out at the crime scene, and of the victims are
associated with the characteristics of the simple homicide perpetrator in Spain.
2. Methods
2.1. Participants
An initial sample of 684 homicide cases registered in Spain between 2010 and 2012 (both inclusive)
was used, discarding cases of multiple homicide (more than one perpetrator and/or victim) (n = −213),
those carried out by minors (n = −13), those that were not solved by the police (n = −1) and those
that did not contain information (n = −9). Finally, the study sample included a total of 448 homicides,
89% (n = 388) of which were carried out by individuals that knew their victim well or that did not
have a close relationship with the victim (including strangers), and 11% (n = 48) of which were
linked to the committing of another criminal activity. Of the entire sample, 90.8% (n = 407) of the
perpetrators were male and 9.2% (n = 41) were female, aged 41.35 (SD = 15.24) and 39.24 (SD = 14.63)
on average, respectively.
2.2. Procedure
The Office of Coordination and Studies of the Secretary of State and Security, in collaboration with
the national security forces (Civil Guard and National Police force) and several Spanish universities
developed and coordinated the Homicide Revision Project. The parties responsible for this project
requested the relevant reports from the corresponding police departments and created a database to
permit information collection. Next, specialized training was received on how to carry out the data
dump procedure, ensuring confidentiality and ethical data treatment.
Having completed the database, and with the authorization of the responsible party of the Office
of Coordination and Studies of the Secretary of State and Security, the database was provided in order
to carry out this study.
Then, the sample was selected, not on the basis of a probabilistic procedure but via convenience
sampling, in which all available cases were analyzed, considering the exclusion criteria described
above. Despite the fact that the sample would not be representative of all of the homicides taking place
in Spain, it was representative of those simple homicides that had been solved by the police.
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Finally, a data-cleaning process was carried out in order to thoroughly analyze the quality of the
information and to prepare the matrix for statistical analysis.
2.3. Data Analysis
Classification Trees
In this study, Classification and Regression Trees (CART) were used, with R statistics software
(package ‘rpart’) [48]. This is one of the most efficient multi-variate classification techniques of machine
learning, belonging to the family of Decision Trees, whose purpose is to classify future observations on
the basis of a set of rules. For this, through a sequential process, the classification variables that best
differentiate the groups in relation to the dependent variable (child nodes) are identified, dividing
the dataset recursively until the majority of the cases have been correctly classified into one category
(terminal or leaf node) [49].
Since the variables were categorical in this study, classification trees and Gini impurity measure
were used as goodness-of-fit criteria to make the data partition. Then, the tree was pruned, using
a tenfold cross validation procedure to determine the optimal tree size. In this way, the tree whose
complexity parameter minimized the mean error of the cross-validation (x error) was selected [16,50].
Thus, a classification tree was created for each of the perpetrator variables and for the type of
relationship with the victim (offender’s sex, age, country origin, criminal record, crimes against the
person, and victim–offender relationship), considering those variables related to the homicide and
the victim characteristics as the classification variables (Table 1). Likewise, the minimum number
of observations in the nodes was determined as 20 before partitioning the data and as 6 for the
terminal nodes.
Table 1. Variables used in the classification models.
Classification Variables Target Variables
Crime scene Offender’s sex
Method of approach Offender’s age
Method of control Offender’s country origin
Method of escape Offender’s criminal record
Homicide weapon Offender’s criminal record for crimes against persons













In the tree diagrams, each route, from a root node to a leaf node, represents a decision rule that
characterizes a profile according to the dependent variable, such that each model offers a general view
of how the relative variables of the homicide and victim characteristics interact and combine so as to
discriminate between the perpetrator characteristics.
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3. Results
Below, the graphical representations obtained from the resulting models for the perpetrator’s
gender, age, country of origin, criminal record, and victim–offender relationship are presented,
with each node represented as a rectangle, colored according to the majority category of data which is
included in it, specifying the probability per class of the observation in the node.
3.1. Classification Trees
3.1.1. Classification Model for the Gender of the Perpetrator
In Figure 1, a graphical representation is presented of the model obtained for the perpetrator’s
gender (x error = 0.924). It may be seen that the most relevant variables for identifying the gender of
the perpetrator were victim age and homicide weapon or the methods used to commit the homicide.
Taking into account that the initial probability of the perpetrator being male was 90% and that of being
female was 10%, it is considered that these variables are related to perpetrator gender. In cases in
which the victims were minors (<18 years of age), the probability that the perpetrator was female
increases from 10% to 52% and if, in addition, suffocation methods or other weapon types were used,
there is a greater probability that the homicide was carried out by a female (89%). On the other hand,
there is a high probability that the homicide was carried out by a male (93%) if the victim was 18 years
of age or older.
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approached the victim suddenly, there was a previous relationship between them, or the approach
did not take place with the intent to commit a homicide, the probability of the aggressor being aged
between 18 and 30 increased to 58%. On the other hand, in cases where there was a surprise approach
to the victims that were minors or aged between 18 and 30, the probability that the perpetrator was
aged from 31 to 50 years rose from 50% to 70%. Also, when the victims were over the age of 51,
the probability that the perpetrator was also over 51 years of age rose from 23% to 42%. If, in addition,
the victims were females, this probability reached 57%.
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3.1.3. Classification Model for the Country of Origin of the Perpetrator
In Figure 3, the graphical representation of the model obtained for the perpetrator’s country of
origin is presented (x error = 0.567). It may be observe that the victim’s country of rigin is the most
relevant characteristic associated with th perpetrator’s country of origi . Taking into account that
the initial probability of the perpetrator being Sp nish was 70% and the probability th t he/she was a
foreigner was 30%, the probability f the a gressor being a foreigner increased from 30 to 74% when
th victim was also a foreigner, just as the probability of the perpetrator being Spanish increases from
70 to 86% when the victim was Spanish.
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3.1.4. Classification Model for the Criminal Record History of the Perpetrator
Figure 4 presents a graphical representation of the model resulting from the perpetrator’s criminal
record history (x error = 0.872). It may be seen that the age of the victim and the method used to flee
were the most important characteristics in determining if the perpetrator had a criminal record or not.
The initial probability that the perpetrator had a criminal record was 60%, and that of he/she not having
a criminal record was 40%. When the victims were between the ages of 18 and 64, the probability that
the perpetrator had a record increased from 60% to 66%. On the other hand, when the victim was a
minor or over the age of 64, the probability of the perpetrator not having a record increased from 40%
to 67%. If, in addition, if the perpetrator fled from the scene of the crime in a vehicle or was detained at
the crime scene, the probability that the perpetrator did not have a record rose (77%). On the other
hand, in cases of minor victims or those over the age of 64, when the perpetrator fled the crime scene
by foot, the probability that he/she had a record was 67%.
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3.1.5. Classification Model for the Criminal Record for Crimes Against Persons of the Perpetrator
In Figure 5, a graphical representation is shown of the model obtained for the perpetrator’s
criminal record history for crimes against persons (x error = 0.931). It may be observed that the age of
the victim, the type of place where the homicide took place, and the method of fleeing of the aggressor
were the most important variables in determining whether or not the aggressor had a record for crimes
against persons, referring to those criminal typologies that suggest violent or intimidating behavior
against an individual (crimes against the life, integrity, and freedom of others, including homicide).
The initial probability that the perpetrator did not have a record for crimes against persons was 57%.
In cases in which the victims were minors or over the age of 64, this probability increased to 81%.
On the other hand, when the victims were between the ages of 21 and 64 and the homicide took place
outdoors, the probability of the perpetrator having a record rose from 43% to 61%. If, in addition, if
he/she fled the crime scene by foot or by vehicle, this probability increased to 66%.Int. J. Environ. Res. Public Health 2019, 16, x 8 of 14 
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3.1.6. Classification Model for the Type of Relationship Between the Victim and the Aggressor
Figure 6 presents the graphical representation of the model resulting for the relationship between
victim and aggressor (x error = 0.606). It may be observed that the gender and age of the victim were the
variables associated with the type of relationship existing between the victim and the aggressor. Taking
into account that the initial probability that they were acquaintances was 35%, that of being family
members was 19%, that of having other types of relationship was 6%, that of having no relationship
was 10%, and that of having a romantic relationship in the past or present at the time of the event was
30%, it was considered that these variables were related to the type of relationship existing between the
aggressor and the victim (except for the categories “other relationship” and “stranger”, which, because
of their lo prevalence, did not reach the minimum of 20 cases in the classification model). So, when
the victim as male and a minor, the probability that the offender was a family member increased from
19% to 71%, unlike the case in which the victim was a male over the age of 18, in which case, there was
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a greater probability that the perpetrator was an acquaintance of the victim (57%). On the other hand,
when the victim was a female between the ages of 18 and 64, the probability that the perpetrator was
her romantic partner or ex-partner increased from 30 to 69%.Int. J. Environ. Res. Public Health 2019, 16, x 9 of 14 
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victim and the aggressor. The category “Acquaintances” includes known individuals/neighbors, friends,
work/commercial relationships and school relationships. The category “Intimate” includes couples,
spouses, ex-partners, separated or divorced.
4. Discussion
The results obtained in this study are consistent with the central postulate of criminal profiling,
that is, on the basis of homicide elements (crime scene, modus operandi, victim haracteristics), it
is possible to hypothesize about the potential characteristics of the perpetrator, which helps make
decisions to establish more rigorous suspect prioritization [18,21].
On the basis of the socio-demographic characteristics of the perpetrators, the results indicate that
there is a greater probability that the perpetrator will be female when the victim is a minor and when
suffocation methods are used to commit th homicide. Similarly, prior s udies have show th t femal s
are more associate with intra-family homicides and suffocation method , w th t e victims being
main y minors (filicide) [27,28,31]. Likewise, in accordance with previous works, the results indicate
that men are more likely to us firearms and th ir own body strength to kill their victims [28,29]. In thi
way, th results coincide with those f prior studies that s owed that the type of murder weapon used
by males and fem les is partially influenced by e victims and heir char cteristics [30].
As for the age of the perp trator, we are unaware of pr or studies that ident fy the homicide
and victim characteristics and permit the discrimination of perpetrators aged between 18 and 30 and
31 and 50, except for t study by Khoshnood and Väfors Fritz [33], w ich r vealed that homicides
carr ed out by perpetrators b tween the ages of 37 and 59 t nd o be trig red by an argument, without
evidence of premeditation. These results are co tradictory to the results of this study. The reasons of
this difference may be that Khoshnood and Väfors Fritz [33] included a lower number of offenders
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in their study than were included in this study and that we solely focused on homicide and not on
attempted murder/manslaughter, which was included in their study. Likewise, the results obtained
indicate that it is more likely for the perpetrator to be over 51 years of age when the victim is in the
same age bracket and is female. These results are similar to those found in the work of Fujita et al. [29],
in which it was established that the age and gender of the victim are determinant for inferring the age
of the perpetrator, suggesting that it is more likely for the perpetrator to be 55 or older when the victim
is female and over 65.
With regards to the country of origin of the perpetrator, the results suggest that there is a greater
probability that the aggressor is Spanish when the victims also are, just as it is more likely for the
perpetrator to be a foreigner when the victim is also a foreigner, from the same country as the
perpetrator’s. Given that we have not been able to find past studies with an international scope that
consider whether it is possible to infer the country of origin of a perpetrator on the basis of how the
homicide occurs and of the victim characteristics, our results may be related, to some extent, to the
findings of Soria-Verde et al. [34], who established that there were no significant differences in the
modus operandi between Spanish and immigrant homicides.
As for the existence of a criminal record in general and against persons for the perpetrator,
the results support past studies that suggest that perpetrators with a criminal record tend to use
precautionary measures to avoid identification [29,38]; thus, fleeing by foot or vehicle from the crime
scene is considered a form of distancing oneself from the crime committed [36]. Similarly, according
to Salfati and Canter [40], perpetrators with a criminal record commit more homicides in outdoor
locations, perhaps because in these locations it is more difficult to find incriminating evidence, given
meteorological phenomena which often destroy the said evidence. Similarly, the results coincide with
those reported in the study by Santtila, Häkkänen, Canter et al. [39], which affirmed that perpetrators
with a record of violent crimes and sexual aggressions are more likely to have victims aged between
19 and 35.
With regards to prior relationships between the victim and the aggressor, the results from this
study are consistent with those of Yang and Olafsson [44], which affirm that, when the victims are
males and are over the age of 18, the perpetrators are more likely to be acquaintances. Likewise,
the results coincide with those of prior studies that suggest that when the victims are minors or elderly
individuals, regardless of the gender, homicides tend to be perpetrated by family members [37,39].
Also, the results obtained with regards to adult female victims show a greater probability of the
perpetrator being her romantic partner, either present or past, at the time of the crime, similar to the
findings obtained in studies from other countries [39,44].
This work has certain limitations. First, the conclusions derived from the study cannot be
generalized to other types of homicides, since only simple homicides and those with perpetrators
over the age of 18 were considered. Second, there is always the likelihood that human error in the
initial data coding may have occurred. In addition, the database did not include detailed information
on the scene of the crimes, location of injuries, or circumstances in which the cadaver was found, so
future studies should include these variables in their classification models to establish a more rigorous
decision-making procedure. Third, the classification tree is a technique that is specific to the sample at
hand, meaning that if a different sample was used, the results would most likely vary significantly. So,
it would be useful to have a greater volume of cases to create predictive models that serve as support
during criminal investigations.
As future lines of study, we suggest establishing predictive models with distinct homicide samples
(multiple homicides, juvenile homicides). It would also be interesting to use other statistical procedures
that are more complex, such as Bayesian networks, since this would help in the creation of criminal
profiles, identifying not only probabilistic relations between variables but also causal relations between
them. Similarly, it would be very useful to replicate the methodology used in this work for sexual
aggressions, since it is quite possible that distinct interactions between variables will be found.
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5. Conclusions
In this work, it was possible to detail the characteristics of the homicide, the behaviors carried out
at the crime scene, and the victim characteristics associated with the socio-demographic characteristics
of the perpetrator of simple homicides in Spain, the existence of a criminal record, and the type of
relationship between perpetrator and victim. It is important to examine homicides at a multi-variate
analysis level, since this criminal phenomenon is quite complex and it is necessary to consider the
collective relationships between all of the related components. In this way, an improved understanding
of the phenomenon may be acquired, allowing us to reach conclusions that may help to make decisions
during a criminal investigation, especially in suspect prioritization tasks. In fact, many criminology
and forensic studies have demonstrated their utility for identifying complex interactions between
variables that would not be easily detected with other more traditional statistical procedures (e.g.,
linear models). Another of the advantages is that, unlike other classification methods, the existence of
missing values does not interfere with the development of the model, which is quite common when
police records are the main source of information.
This work shows that the study of victimology is key during criminal investigations, since these
socio-demographic characteristics (gender, age, and country of origin) offer information on potential
perpetrators. Furthermore, some authors have recognized that the victim is an extension of the crime
scene and, therefore, victim analysis deserves special attention [23,51]. So, this analysis facilitates the
crime reconstruction, helps to identify the modus operandi of the perpetrator, and suggests new lines
of study that will help reduce the number of suspects.
Together, these results suggest the relevance of creating studies that, based on empirical evidence,
contribute to decision-making in order to establish more rigorous suspect prioritization and to improve
human resources and materials management. Ultimately, knowledge of how to interpret the modus
operandi at homicide scenes and its relation with potential perpetrator characteristics may help reduce
the time and economic resources devoted to criminal investigations.
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